Much of the population in rural sub-Saharan African relies of firewood or charcoal to prepare food. Population pressure is speeding the rate of deforestation, raising the monetary and opportunity costs of cooking meals. We use a field experiment in Zambia to investigate the impact of solar cook on the money households spend on charcoal and the time allocated to collecting firewood. Additionally, we examine changes in diet that result from the reduction in the cost of meal preparation. Preliminary results indicate that the provisioning of solar cookers is cost effective (household savings on charcoal over a 12 month period exceed the cost of the stove) and increases dietary diversity by reducing the cost of preparing grain legumes.
Introduction
In rural sub-Saharan African (SSA), many households rely on firewood and/or charcoal as the main sources of energy for cooking. Increasing population pressure in many parts of SSA is having a large impact on deforestation and, by extension, human health. As the forested landscape around human habitats is reduced (e.g. in Zambia, 0.2% of the land was deforested in a yearly basis between 2001 -Hansen et al. 2013 , the cost of procuring energy for cooking increases. The opportunity cost of finding firewood increases as household members must venture further and further from habited areas to find wood. This in turn increases the monetary cost of purchasing charcoal. As the price of energy inputs to preparing a meal rise the ability of households to incorporate healthy cooking habits falls. With high energy costs, households are less likely to boil water and milk, increasing susceptibility to water and milk borne diseases. Additionally, dietary diversity decreases as households refrain from preparing slow-cooking foods, like legumes, and instead focus on a small number of quick cooking foods such as corn meal.
In order to investigate the link between rising fuel costs for cooking and poor nutritional outcomes we conduct a solar stove field experiment in the Barotse region of western Zambia. We examine the impact of solar cookers which were randomly assigned to 60 households across three communities. We document the effects of the cookers on both the costs of preparing food and the types of food that the household prepares. In total, 167 households participated in the experiment, with each household, regardless of treatment status, keeping detailed dietary records for six week. Households recorded the ingredients used in preparing each dish for each meal on each day plus the fuel used to prepare each dish. This provides us with information on food and fuel inputs that each household used in preparing the 126 meals (on average 315 separate dishes) consumed over the study period. We then identify -using the exogenous variation provided through randomization of solar stove recipients -the impact of solar cookers on reducing a household's use of firewood or charcoal in food preparation. We calculate the total amount of wood saved both in physical and monetary terms. We also calculate the increase in a household's dietary diversity for each dollar saved in fuel costs.
Barotseland has seen extensive work by Bioversity International and World Fish to promote nutritional information as well as climate smart agricultural practices. Households in the region have self-selected into nutritional cooking clubs, participation in farm plot demonstrations, or chosen to abstain from participation in these development activities. We randomize the delivery of solar cookers across these three groups in order to help us understand which information, from which activity, and which socio-economic factors might have a larger impact on shifting people towards more diverse diets, particularly when there is access to a low cost source of energy for cooking.
Preliminary results suggest that solar cookers both reduce the amount of wood households use in preparing meals while also increase a household's dietary diversity. On average, households save 10 USD in fuel costs over the life of the experiment, or 90 USD in estimated annual savings. Given that the cookers cost 100 USD and have a life expectancy of 10 years, this makes them highly cost effective.
Solar cookers had the largest dietary impact on households that had not previously participated in nutritional cooking clubs. The cookers allowed these households to partially close the "nutrition gap" with nutrition club households. Where nutrition club households benefited was in fuel cost savings. Control households in the nutrition club have more diverse diets and spend more on fuel than non-club member control households. Thus, while the clubs are succeeding in communicating the importance of dietary diversity they are indirectly contributing to deforestation as households in clubs use more fuel than households not in clubs. Treatment households in nutrition clubs saw higher than average fuel cost savings, allowing them to maintain their diverse diet while lowering their environmental impact.
Methods

Study area
The Barotse Floodplain System (BFS), Western Province in Zambia, provides diverse ecosystem services important for local and downstream communities (Schuyt, 2005) . The livelihoods and migratory patterns of local communities, the Lozi people, are adapted to the natural flow of the unregulated Upper Zambezi (Tweddle, 2010) . The livelihoods of the Lozi depend on fishing, cattle or farming, or a combination of those activities. The floodplain is experiencing severe declines in fish catch rates, fish species, population size and fish diversity (Tweddle, 2010; Tweddle et al., 2014) . Shifting cultivation and burning are widely practiced in the area, with large impacts on forest composition, deforestation and regeneration (Wolski, 1998 , Tambara, et al., 2012 . The communities in Barotse shared their concern about the depletion of their natural resources, particularly regarding fish and forest (Kwashimbisa and Puskur, 2014) .
Western Province has one of the highest poverty rates in the country, low agricultural productivity and the region is highly vulnerable to internal and external shocks (Flint 2008; . Poor sandy soils (Kalahari sands), limited access to agricultural inputs (e.g. manure), equipment, and knowledge about improved management techniques using organic matter (Baidu-Forson et al. 2013 ) prohibit many rural people from increasing production and productivity. The region experiences a period of four to five months with limited access to food (hunger season) (Castine et al. 2013 , Baidu-Forson et al. 2014 . Similarly, in collaboration with local partners', three main activities has been promoted and supported to increase knowledge on nutrition, healthy cooking habits, diversify diets and crops named cooking demonstrations-nutrition clubs and learning plots across the eleven villages (Figure 1 ). During those activities, legumes have been promoted as good and cheap source of proteins while justa improving soil fertility and reducing soil erosion as cover crops (cite). However, legumes are not part of the Lozi diet.
Experimental Design
The solar cookers project took place in six of the eleven NSL villages clustered in three communities due to their proximity, hereafter referred as Mapungu, Lealui and Nalitoya (Figure 1 ). The goal of the project was to 1) assess how the knowledge created, shared and learned during NSL activities changed people's diets and 2) quantify reductions in consumption, cost and harvesting time of firewood, charcoal and cow dung. The project last for six weeks, period in which participants with and without solar cookers kept daily record of cooked meals, ingredients and boiled liquids. We raffled sixty SunFire 12 Dish (1.2 m diameter) cookers among participants who kept record during the first six weeks of its usage as well as firewood, charcoal and/or cow dung. Other participants without solar cookers kept track of the usage of firewood, charcoal and/or cow dung. After the six weeks of data recording, every participant who properly completed the forms during the six weeks was eligible to enter the final raffle of the cookers to own it. Other participants received a 500 gr bottle of oil and 250 kg of local seeds as a contribution for their time and effort collecting the data.
We contacted community leaders and the ministry of agriculture in advanced to introduce the activity and to invite community members and local partners to a two day activity. During the two day activity we 1) introduced the solar cookers project goals and objectives, 2) introduced the solar cooker, manipulation and safety measures 3) introduced the data recording form, 4) conducted hands-on cooking experience with the solar cookers and 5) distributed the solar cookers. In total, one hundred and ninety five women and men joined the two day activity in March 2016 (54 from Mapungu, 73 from Lealui and 68 from Nalitoya).
We assigned twenty solar cookers in each community. Participants were separated based on their participation on NSL activities in the following groups 1) participants (or household member) has been engaged with the cooking demonstrations-nutrition clubs for at least more than two months (the club has one monthly meeting), 2) participant (or household member) is a lead farmer and leads a learning plot, 3) participant (or household member) is engaging in both activities, 4) participant (or household member) is not involved in any of NSL activities (control group). We conducted a power test to estimate the number of cookers that should be raffled in each group based on the group size ( Table 1 ). The name of each group member was written and dropped in a container in front of all participants. Then, names were withdrawal by another participant from another group. The raffle was transparent and in agreement with participants as a fair strategy to distribute the cookers for the six week period. The same procedure was conducted for the final raffle.
Data Collection
We used Kobo toolbox to create and collect information on each participant (gender, age, school level), household (size, members, engagement with cooking), daily cooked dishes (ingredients) and boiled liquids (milk or water and quantity) during six weeks and consumed firewood, charcoal and/or cow dung (quantity, price, source, frequency) 1 .
We visited the communities at least four times during the six weeks reached every participant with and without solar cooker at least twice.
Preliminary Results
Preliminary results suggest that solar cookers both reduce the amount of wood households use in preparing meals while also increase a household's dietary diversity. Solar cookers had the largest dietary impact on households that had not previously participated in nutritional cooking clubs. These households, prior to the experiment, had relatively homogeneous diets but dramatically increased their dietary diversity when given a stove. Households that had previously self-selected into nutritional cooking clubs already had relatively diverse diets and gaining access to the stove only marginally increased their dietary diversity. The result is that providing cookers to non-club member households allows them to close, but not completely, overcome the "nutrition gap'" that previously existed. This suggests that nutritional cooking clubs and solar cookers may be substitutes in the nutritional realm.
An interesting result, based on our preliminary analysis, is that while nutrition club participants saw the lowest increase in dietary diversity they also saw the highest cost savings in fuel. Preliminary results suggest that households saved, on average, 10 USD in fuel costs over the six week period. This amounts to almost 90 USD in fuel cost savings per year. Since the solar cookers used in the experiment cost 90 USD and can last as long as 10 years, this makes them extremely cost effective for the households. But, households that had previously self-selected into nutrition clubs saved, on average, 14 USD in fuel costs over the six week period. This is because households in nutrition clubs have, on average, higher fuels costs than those not in clubs, a result due to their higher than average dietary diversity. Comparing control households in the nutrition clubs with all other control households we find that control households in the nutrition club have more diverse diets and spend more on fuel. This suggests that nutritional cooking clubs and solar cookers are not substitutes in the environmental realm. The clubs are succeeding in communicating the importance of dietary diversity to club members who become willing to spend more money on fuel in order to prepare nutritious foods. But, this means that, indirectly, nutrition clubs are contributing to deforestation as households in clubs use more fuel than households not in clubs. By combining solar cookers and nutrition clubs households are able to increase their dietary diversity while substantially lowering their cooking costs and therefore their environmental impact.
We expect to have the remaining analysis completed by mid-July, well before the conference in September. 
